Abstract. The present study reported on an unusual case of refractory hypotension induced by Sheehan syndrome with pituitary crisis and explored the causes and treatment of hypotension in hypopiptuitarism. Refractory hypotension is a rare and severe complication of longstanding hypopituitarism induced by Sheehan syndrome with pituitary crisis. A 48-year-old Chinese woman with pituitary crisis due to Sheehan syndrome developed refractory hypotension and received longstanding vasopressor blood pressure support and hormone replacement therapy. Besides normalized blood pressure, echocardiography over 3 months revealed partial reversibility of her cardiac function with hormone replacement therapy. Consistent numerous studies reviewed, hormone replacement therapy may improve cardiac function in patients with cardiomyopathy linked to Sheehan syndrome. A retrospective study of 77 cases with hypopituitarism encountered at Qilu Hospital of Shandong University (Jinan, China) was also performed and the incidence rate of hypotension was analyzed, revealing that the present case was the first of refractory hypotension induced by Sheehan syndrome with pituitary crisis at this institution in 16 years.
Introduction
Sheehan syndrome is characterized by hypopituitarism, which is due to ischemic necrosis of the pituitary gland secondary to postpartum hemorrhage (1) . Major manifestations include failure to lactate, breast atrophy, secondary amenorrhea, genital and axillary hair loss, dry skin, hypopigmentation and other evidence of hypopituitarism. It can also present acutely with circulatory collapse, congestive cardiac failure and hypotension. Hypotension can be quickly corrected under hormone and volume replacement therapy. The present study reported on a case of Sheehan syndrome in a 48-year-old Chinese woman who had refractory hypotension and required longstanding vasopressor blood pressure support and hormone replacement therapy, which is rarely reported in the literature. The causes of refractory hypotension have been attributed to decreased cardiac output owing to cardiomyopathy and hypovolemia arising from hypoproteinemia. After three months, her blood pressure remained at levels of ~110/70 mmHg and her cardiac function partly reversed with hydrocortisone and levothyroxine replacement therapy.
Case report
A 48-year-old Chinese woman was admitted to the emergency department of Qilu Hospital of Shandong University (Jinan, China) with progressive chest distress and dyspnea for two weeks after a common cold. She had been suffering from long-term chronic symptoms, including fatigue, anorexia and light-headedness with a history of Sheehan syndrome without therapy. The patient had no history of cardiac disease or diabetes mellitus. In addition, the patient stopped menstruating after her second pregnancy 20 years previously.
Physical examination revealed the following: Mild hypothermia (axillary temperature, 35.8˚C), low blood pressure (74/49 mmHg) and a pulse rate of 40 beats/min. Pale skin, facial edema and cool extremities with significant pitting edema of lower limbs were observed. Breast atrophy and sparse axillary and pubic hair were striking features. Lung examination revealed a moist rale in the bilateral lung bases with a respiratory rate of 20 breaths/min, muffled heart sounds and bradycardia were found in the cardiac auscultation area. Neurologically, the patient was without any focal signs.
Postpartum hypopituitarism had been identified and endocrine examination was performed (Table I) . In addition to insulin-like growth factor-1 (IGF-1) deficiency, the patient's pituitary-thyroid, pituitary-gonadal and pituitary adrenal axes were dysfunctional and magnetic resonance imaging of the pituitary gland revealed an empty sella, indicating anterior hypopituitarism resulting from postpartum hemorrhage. Biochemical parameters at baseline and during follow-up are presented in Table II (Table III) . Mask oxygen inhalation and anti-infective treatment (intravenous drip of meropenem and levofloxacin for two weeks) were initiated to improve respiratory symptoms. Along with exacerbation of congestive heart failure and renal and hepatic injuries, the patient was treated with volume replacement, digoxin (0.125 mg/dat) and dopamine (3-5 µg/min/kg) to raise the blood pressure, albumin infusion to increase colloid osmotic pressure, furosemide injection to relieve edema as well as further symptomatic treatments. Initially, the patient was given a stress dose of intravenous hydrocortisone Table I . Endocrine levels at baseline and follow-up. Table II . Biochemical parameters at baseline and follow-up. (50 mg/6 h) with a gradual reduction to 100 mg/day, followed by a low dose of oral levothyroxine (25 µg/day), which was increased to 100 µg/day. Due to the patient's low and erratic blood pressure, she was fully weaned off vasopressor blood pressure support over 20 days, with blood pressure remaining at levels of around 90/60 mmHg (Fig. 1) . Moreover, the patient's general health condition markedly improved, dyspnea eased, chest distress disappeared, edema decreased and fatigue alleviated. Abnormal biochemical indexes were almost restored to normal levels. A later echocardiography showed dramatic changes in LVEF from 30 to 55%, with a decrease of pericardial effusion and mild tricuspid regurgitation (Table III) . The patient was discharged on hydrocortisone (40 mg/day) and levothyroxine (100 µg/day) 28 days after being admitted. At follow-up 3 months after discharge, a repeat echocardiogram showed LV filling disturbance with a continuous increase in LVEF (64%) as well as normal cardiac size, and blood pressure was increased to 110/70 mmHg with glucocorticoid and levothyroxine replacement therapy. The dose of Table III . Indexes for cardiac function at baseline and follow-up.
During hospital
After discharge levothyroxine was decreased from 100 to 75 µg as a result of a higher free thyroxine level.
Discussion
Acute pituitary insufficiency, also called pituitary crisis, is a life-threatening condition following a period of non-specific symptoms due to chronic pituitary insufficiency, the causes of which involve electrolyte imbalance, infection, trauma or other forms of stress. Volume depletion and low cardiac output are common in acute pituitary deficiency and recovery of normal cardiovascular status is rapidly achieved under hormone and volume replacement therapy. Vesely et al (2) reported a case of post-herpes encephalitic anterior pituitary insufficiency (dysfunction of pituitary-thyroid and pituitary-gonadal axis) with hypothermia and hypotension in a 49-year-old man, and his blood pressure of 90/60 mmHg quickly returned to normal after thyroid hormone replacement therapy. However, the patient of the present study experienced refractory hypotension and required longstanding vasopressor blood pressure support and hormone replacement therapy, which was rarely reported in the literature. Retrospective analysis of 77 retrieved cases of Sheehan syndrome at Qilu Hospital (Jinan, China) from 1999 to 2015 revealed that patients with hypotension accounted for 29.9% (23 cases), whose normalization of blood pressure almost generally occurred on the third or fourth day of treatment, after hormone replacement and correction of hyponatremia.
In the present case, one cause of severe hypotension was closely associated with hypoproteinemia owing to chronic malnutrition and liver damage. Albumin can expand fluid and maintain a stable plasma colloid osmotic pressure, while hypoproteinemia impairs water balance, increasing the likelihood of hypovolemia. Moreover, albumin infusion combined with diuretic injection helped to ease myocardial edema and pericardial effusion, which are beneficial for cardiac function.
Initially, septic shock resulting in hypotension could not be excluded, as indicated by an increased white blood cell count and neutrophils, respiratory symptoms and chest radiological findings. After potent fluoroquinolones (levofloxacin) and cabapenems (meropenem) had been administered for two weeks, respiratory symptoms were obviously remitted. However, the white blood cell count did not decrease, which was associated with the intravenous infusion of hydrocortisone (50 mg/6 h). With the extenuation of hydrocortisone, the white blood cell count returned to normal. Infectious factors were no longer considered, as the blood pressure was not markedly elevated.
During the evaluation, symptomatic heart failure and elevated cardiac enzymes raised the suspicion of myocardial ischemia or an acute infraction resulting in hypotension. It has been reported that endocrine disorders lead to abnormal lipid and glucose metabolism and are therefore implicated in the genesis of acute coronary syndrome (ACS). However, this possibility was quickly ruled out based on the following points: i) Cardiac markers are not specific for ACS and only resemble a manifestation of myocardial damage to a certain extent; ii) serum lipid levels, a risky factor for assessing cardiovascular disease, were in the normal range; iii) nonspecific and abnormal electrocardiogram (ECG) patterns, such as sinus bradycardia, prolonged QT intervals, low limb lead voltage and abnormal T wave, suggested a correlation with metabolic disease; iv) compared with the original ECG, there were no dynamic changes indicating ACS; v) the patient had no history of cardiac disease or diabetes mellitus; vi) an echocardiogram showed LV global hypokinesis with decreased LVEF, which was consistent with cardiomyopathy (Table III) . Therefore, the patient's refractory hypotension was attributed to cardiomyopathy.
Of all endocrine hormone deficiencies linked to cardiomyopathy, glucocorticoid, thyroid hormone and growth hormone deficiencies have major roles. The mechanisms responsible for the development of cardiomyopathy are varied: i) Thyroid hormone deficiency has a significant impact on myocardial injury, resulting in weakening of myocardial contraction and relaxation, decrease in cardiac output, and rhythm disturbances, through genomic and non-genomic effects (3) (4) (5) . ii) Catecholamine overproduction during stress may be toxic to the myocardium, which is unprotected by inadequate glucocorticoids, impairing cardiac function; glucocorticoid deficiency disturbs the transport function of the membrane calcium pump, affecting myocardial contractility (6,7). iii) Numerous experimental studies have demonstrated that growth hormone/ IGF-1 deficiency has a deleterious influence on cardiac growth, myocardial contractility and vascular system (8, 9) . However, certain case studies have indicated that growth hormone deficiency has a minimal role in pathogenic mechanisms of cardiomyopathy (10, 11) . Laway et al (10) described a case of cardiomyopathy linked to Sheehan syndrome and pulmonary tuberculosis in a 25-year-old women, whose cardiac function was completely restored after replacement therapy with glucocorticoid and levothyroxine.
On the basis of the abovementioned pathogenesis, the patient was initiated with a stress dose of hydrocortisone, followed by a small dose of oral levothyroxine under the state of high stress. Glucocorticoid is replaced prior to levothyroxine to avoid aggravating pituitary crisis. In contrast to previous patients, the patient of the present study was also given positive inotropic agents, digoxin and dopamine, which improved hemodynamics and increased cardiac pump function. Her blood pressure did not return to normal until vasopressor blood pressure support and hormone replacement therapy were provided for 20 days. It is speculated that a longstanding adverse influence on cardiac function may be the primary cause of refractory hypotension. The patient was discharged whilst receiving a physiological dosage of hydrocortisone and levothyroxine. At 3-month follow-up, cardiac function was partly reversed with preserved LVEF, normal cardiac size, small pericardial effusion and abnormal LV diastolic filling.
The definite reason why the patient's hormone-induced cardiac dysfunction was not completely resolved remains elusive. One explanation that long-standing hormone deficiencies drive the irreversible change of myocardial damage appears to not be dependable (11, 12) . Bao and Fisher (11) reported on a 35-year-old woman with long-standing hypopituitarism for 15 years and heart failure for at least 10 years with severely compromised cardiac function. At 9 months after discharge, echocardiography showed completely normalized cardiac function without growth hormone replacement (11) . Similarly, Kissell et al (12) reported on a 40-year-old patient with cardiogenic shock due to non-ischemic cardiomyopathy induced by severe anterior hypopituitarism initially treated with levothyroxine and hydocortisone replacement therapy, who had 20 years of history of undiagnosed Sheehan syndrome. Eighteen months later, echocardiography revealed that LVEF was partially reversed (12) . One hypothesis is that GH deficiency is involved in pathogenic mechanisms of cardiomyopathy, although there is a possibility of complete recovery of cardiac function without growth hormone replacement (10, 11) . In the present case, the irreversibility of cardiac damage may have been associated with the short duration of hormone replacement therapy, while there is a possibility that cardiomyopathy may be completely reversed in the future.
The importance of a rapid diagnosis of Sheehan syndrome, particularly intercurrent hypopituitary crisis, should be emphasized, as otherwise, treatment is delayed and patients remain in a critical condition. Kaufmann et al (13) reported on a 52-year-old woman who developed hypopituitary crisis with severe hypotension and coma secondary to unrecognized chronic anterior hypophysitis. Unfortunately, she succumbed to refractory cardiac arrest without prompt hormone replacement treatment. In the present case, the important information that the patient had a history of Sheehan syndrome was available, which provided a hint for selecting an appropriate treatment.
In conclusion, a prompt diagnosis and specific treatment of Sheehan syndrome is vital. The present case illustrated that refractory hypotension is a rare and serious complication of longstanding hypopituitarism induced by Sheehan syndrome with pituitary crisis, of which volume depletion and low cardiac output are common pathological mechanisms. The case also exemplified that glucocorticoid, thyroid hormone and growth hormone deficiencies may contribute to cardiomyopathy by varying degrees, and cardiac function may be restored with hormone replacement therapy.
